This study determined the prevalence of diseases and pathogens associated with mortality or severe morbidity in 72 Ontario beef feedlots in calves that died or were euthanized within 60 days after arrival. Routine pathologic and microbiologic investigations, as well as immunohistochemical staining for detection of bovine viral diarrhea virus (BVDV) antigen, were performed on 99 calves that died or were euthanized within 60 days after arrival. Major disease conditions identified included fibrinosuppurative bronchopneumonia (49%), caseonecrotic bronchopneumonia or arthritis (or both) caused by Mycoplasma bovis (36%), viral respiratory disease (19%), BVDV-related diseases (21%), Histophilus somni myocarditis (8%), ruminal bloat (2%), and miscellaneous diseases (8%). Viral infections identified were BVDV (35%), bovine respiratory syncytial virus (9%), bovine herpesvirus-1 (6%), parainfluenza-3 virus (3%), and bovine coronavirus (2%). Bacteria isolated from the lungs included M. bovis (82%), Mycoplasma arginini (72%), Ureaplasma diversum (25%), Mannheimia haemolytica (27%), Pasteurella multocida (19%), H. somni (14%), and Arcanobacterium pyogenes (19%). Pneumonia was the most frequent cause of mortality of beef calves during the first 2 months after arrival in feedlots, representing 69% of total deaths. The prevalence of caseonecrotic bronchopneumonia caused by M. bovis was similar to that of fibrinosuppurative bronchopneumonia, and together, these diseases were the most common causes of pneumonia and death. M. bovis pneumonia and polyarthritis has emerged as an important cause of mortality in Ontario beef feedlots.
Introduction
The bovine respiratory disease complex has been the most important cause of economic losses for the beef feedlot industry for many years, as a result of mortality, 8, 10, 26, 27, 31, 33, 41, 53 the cost of metaphylactic and therapeutic use of antibiotics, 8, 19, 32, 51 and reduced growth performance of affected cattle. 5, 19, 20, 35, 36, 41, 55 Pneumonia often affects beef calves during the first 2 months after arrival in feedlots, and is considered to result from interactions between infectious agents and stress factors such as adverse climatic conditions, weaning, transportation, and mixing. 27, 33, 40 Respiratory diseases were the most common cause of mortality in previous studies, accounting for 54%-66% of mortality in Ontario feedlots, [32] [33] [34] 10%-61% in feedlots in western Canada, 8, 41 and 44%-67% in US feedlots. 10, 26, 27, 31, 53 Of the respiratory diseases, fibrinosuppurative bronchopneumonia (shipping fever pneumonia or pneumonic pasteurellosis) was the most fre-quent disease and cause of death, representing 29%-45% of mortality in Ontario feedlots, [32] [33] [34] 10%-57% of mortality in western Canada, 8, 38, 41 and 75% of mortalities from respiratory disease in Colorado feedlots. 27 Mannheimia haemolytica, Pasteurella multocida, and Histophilus somni (formerly Haemophilus somnus) were the most common isolates from cases of fibrinosuppurative bronchopneumonia, but concurrent infection with multiple bacterial and viral pathogens were frequently encountered. 3, 4, 35, 47, 56 Since an outbreak of pneumonia associated with Mycoplasma bovis infection in England, 18 several studies have reported an increased prevalence of chronic pneumonia and polyarthritis associated with M. bovis infection. 1, 2, 23, 38, 42, 45, [47] [48] [49] The disease in these calves is typically unresponsive to antibiotic treatment, often necessitating euthanasia due to chronic pneumonia, lameness, or weight loss. 23, 38, 45 Although the descriptions in the literature vary, the distinctive lesion is the presence of multiple foci of caseous necrosis within areas of bronchopneumonia, and a mild form of this lesion has been reproduced by experimental infection of calves with M. bovis. 17, 30, 42, 44, 50 Mycoplasma bovis was not identified as a cause of pneumonia or arthritis in Ontario beef feedlots during 1978-1981, [32] [33] [34] but the associated lesion is occasion-ally identified in current diagnostic specimens, suggesting that it may be emerging as a significant pathogen in Ontario beef feedlots. The objective of this study was to identify the most common disease conditions associated with mortality of beef calves during the first 2 months after placement in Ontario feedlots.
Materials and methods

Study design
Seventy-two feedlot owners voluntarily and nonselectively submitted as many as possible of the calves that died or were euthanized during the first 60 days after arrival. These were located in a defined geographic region of southwestern Ontario that included much of Gray, Bruce, and Huron counties, which is an area containing the highest concentration of beef feedlots in the province. The groups on feed ranged in size from 20 to 1,200 head, with a mean size of 195. A telephone survey indicated that 386 calves died in these feedlots, of which 104 were submitted. Necropsies were performed on 104 calves between October 15, 2001 and January 15, 2002 . Five calves were excluded from the study due to marked autolysis, and the remaining 99 calves were the subjects of the study. Many calves were not examined by a veterinarian before death. The clinical history prepared by the producer included a summary of the clinical signs, metaphylactic and therapeutic antibiotic administration, and vaccination status; and the dates of introduction into the feedlot, first treatment for disease, and death. Incomplete histories were followed by a telephone interview with the owner to complete the missing information.
Pathology
A complete necropsy was performed by 1 of 4 pathologists (MIG, JLC, TVD, BJM), including routine inspection of brain, tympanic bulla, and joints. Tissue samples were harvested from each calf from standardized areas of lung and heart, and from trachea, joint capsule, thymus, liver, spleen, kidney, adrenal gland, ileum with Peyer patches, colon, brain, skin of the coronary band, and additional tissues from organs with gross lesions. Following fixation in 10% neutral-buffered formalin, histologic sections were prepared routinely and stained with hematoxylin-eosin. Four to 6 histologic sections of lung obtained from the most severely affected area, from the interface between normal and lesional lung, and from the least affected areas were examined in all pneumonic calves. One histologic section from each of the cranial, middle, and caudal areas of the lung was examined from calves with grossly normal lungs. Four to 6 sections of the myocardium from the left ventricular papillary muscle, atrium, and any additional areas with macroscopic lesions, and a minimum of 2 sections of joint capsule from different joints were examined histologically from each calf. The histologic sections and diagnoses were reviewed by 1 pathologist (JLC).
Immunohistochemistry
Immunohistochemical staining (IHC) for detection of bovine viral diarrhea virus (BVDV) antigen was carried out on all 99 calves by the Animal Health Laboratory, University of Guelph, on sections of lung, heart, and skin when available. Tissue samples containing histologic lesions of vasculitis or lymphocytic inflammation were preferentially selected for IHC. Automated IHC procedures were performed using a DAKO autostainer a as previously described using anti-BVDV monoclonal antibody 15C5 cell culture supernatant. b, 24 Calves with positive staining for BVDV antigen in any of the tissues examined were considered to be infected with BVDV. The diagnosis of persistent BVDV infection was based on the distribution of antigen within the skin sections, 21, 37 although some calves with acute BVDV infection may exhibit similar staining patterns. 9 Diffuse staining of all layers of epidermis and adnexal structures suggested persistent infection, whereas mild and multifocal distribution of viral antigen in epidermis and infundibula of hair follicles suggested acute infection.
Immunohistochemical staining for M. bovis was carried out using a 1:300 dilution of rabbit polyclonal anti-M. bovis antiserum. e Automated staining procedures were identical to those described above for BVDV IHC, with the exception of a 12-minute incubation with proteinase K for antigen retrieval. Nonimmune rabbit serum was substituted for the primary antibody in negative reagent control slides run with each test tissue.
Sections of trachea from 52 cases were stained with Warthin Starry silver stain to identify cilia-associated respiratory bacillus. The remaining cases were excluded because of autolytic sloughing of the tracheal epithelium or because samples were not available.
Virology
Isolation of BVDV, bovine herpesvirus (BHV)-1, and parainfluenza-3 virus (PI3V) was attempted in all cases, from samples of lung, mediastinal lymph nodes, small intestine, and spleen using 2 passages in secondary bovine spleen cells as previously described. 6 Virus isolation for bovine coronavirus (BCV) from lung was performed in human rectal tumor 18G cells, with trypsin. 28 Cell cultures showing characteristic cytopathic effect (CPE) suggestive of BHV-1 were fixed in acetone and confirmed as BHV-1 using fluorescein-conjugated monospecific anti-IBRV antisera d in direct fluorescent antibody (FA) tests. Cell cultures with cytopathic effect suggestive of PI3V were initially evaluated for hemadsorption using 0.5% guinea pig red blood cells in phosphate-buffered saline with 1% fetal bovine serum (pH 7.2). Additional cell cultures from those with positive hemadsorption were subsequently fixed using acetone and stained with fluorescein-conjugated monospecific anti-PI3V antisera e in direct FA tests. Cytopathic BVDV was confirmed using indirect FA tests in association with a pool of 2 monoclonal antibodies (15C5 b and 20.10.6 b ) and secondary fluorescein-conjugated F(ABЈ)2 goat anti-mouse immunoglobulin G. f All cultures without CPE were evaluated for noncytopathic BVDV using similar techniques before being considered negative. Cell culture supernatants found to be positive for BVDV in indirect fluorescent antibody tests were evaluated using a nested multiplex polymerase chain reaction as previously described 16 to determine whether they contained type 1 or type 2 BVDV. Human rectal tumor-18G cell cultures with CPE were initially evaluated using antigendetection BCV enzyme-linked immunosorbent assay (ELISA). g Cell cultures with positive BCV ELISA tests were further confirmed as BCV with fluorescein-conjugated monospecific anti-BCV antisera (VMRD) in direct FA tests. Direct fluorescent antibody tests for bovine respiratory syncytial virus (BRSV) were performed on acetone-fixed, cryostat-sectioned lung sections using fluorescein-conjugated monoclonal antibodies for BRSV, h with 2 lung samples evaluated for each calf.
Bacteriology
Routine aerobic bacterial cultures of lung were performed in each calf on 2 tissue samples of lesional lung or on normal cranioventral lung if no gross lesions were present. Other organs with macroscopic lesions, including joints and tympanic bullae, were similarly cultured as required. Specimens were inoculated directly onto 5% sheep blood Columbia agar and MacConkey agar. k Blood agar plates were incubated at 35Ϯ2ЊC in 5%-7% CO 2 for 48 hours, whereas MacConkey agar plates were incubated at 35Ϯ2ЊC in air for 48 hours. A first reading occurred at 24 hours followed by a second reading at 48 hours. The isolates recovered were subcultured for pure culture and identified using colony morphology, detection of hemolysis, Gram stain procedure, and biochemical tests. Enterobacteriaceae isolates were identified using the Cathra RepliAnalyzer System i as previously described. 22 These procedures were carried out by the diagnostic bacteriology laboratory of the Animal Health Laboratory, University of Guelph.
Mycoplasmology
Isolation of mycoplasmas was attempted in each calf from pneumonic lung tissue harvested from the most severely affected regions of lungs or from the cranioventral regions of lungs if no gross lesions were present. Swabs from joints and tympanic bullae of each calf were also cultured. These specimens were cultured as previously described 54 on modified Hayflick medium with 20% pig serum and on Davies formula medium with 15% horse serum for the isolation of Mycoplasma spp.; and on liquid and solid Shepard A7 medium for the isolation of Ureaplasma diversum. For the isolation of Mycoplasma spp. broth cultures were incubated aerobically at 35Ϯ3ЊC and agar cultures were incubated in 5%-7% CO 2 at 35Ϯ3ЊC. For the isolation of U. diversum, broths were incubated aerobically and agar cultures were incubated anaerobically at 35Ϯ3ЊC. All broth cultures were subcultured on agar media of similar type. A direct immunofluorescence test was employed to identify the Mycoplasma sp. in the colonies grown on agar media. The passive hemagglutination test 7,54 was used to detect M. bovis antibodies from joint fluid.
Case definition
Final diagnoses were made by reviewing the clinical signs, necropsy findings, histologic lesions, and microbiology data. Final diagnoses were made by 1 of 2 pathologists (MIG and JLC) and reviewed by the other; discrepancies were resolved by discussion between these 2 pathologists. ''Important contributors to death'' were diseases that may have caused death directly, or predisposed to other fatal diseases. For example, respiratory viral infections were considered important contributors to death in cases with fatal viral pneumonia alone and also in cases with fatal bacterial pneumonia if concurrent infection with respiratory viruses was identified. Pneumonia was considered the cause of death if chronic lesions affected more than 40%-50% of the lung and no other cause of death was identified; or if there was acute fibrinous bronchopneumonia affecting at least 30% of the lung with serosal hemorrhages suggesting endotoxemia and no other apparent cause of death.
Fibrinosuppurative bronchopneumonia was defined by cranioventral consolidation with histologic lesions of fibrinous or suppurative bronchopneumonia (or both), regardless of the bacterial isolates. Although many of these cases represented pneumonic pasteurellosis (i.e., pneumonia caused by bacteria of the family Pasteurellaceae), the diagnosis did not require isolation of M. haemolytica, H. somni, or P. multocida. Mycoplasma bovis pneumonia was defined by its pathologic appearance; namely, the presence of multiple foci of caseous necrosis within lesions of bronchopneumonia. Although M. bovis was often identified by culture or IHC in these lesions of caseonecrotic bronchopneumonia, this was not required for the diagnosis. Lesions compatible with BVD-related disease included linear mucosal ulceration of the gastrointestinal tract, lymphocytic or necrotizing arteritis (or both) or proliferative endarteritis, or lymphocytic myocarditis. Lymphoid depletion alone was not considered indicative of BVD, because it was commonly encountered in autolysed cases in this study (data not shown), and because of the possibility that chronic disease may result in corticosteroid-induced apoptosis of lymphocytes. 43 
Statistical analysis
Differences in the time from arrival in the feedlot to first treatment or death were compared in calves with and without evidence of BVDV infection using the Mann-Whitney test. Differences in the prevalence of vaccination or metaphylactic treatment were compared in calves with and without lesions of pneumonia or BVD-related disease using the Fisher exact test. Statistical analyses were conducted using GraphPad Prism.
Results
Prevalence of diseases and causes of mortality
The most commonly identified diseases are summarized in Table 1 . Pneumonia was present in 86 of 99 calves, and was considered an important contributor to death in 76 of 99 calves.
Fibrinosuppurative bronchopneumonia
Fibrinosuppurative bronchopneumonia, identified in 58 of 99 calves, was considered an important contributor to death in 49 of 99 calves. Acute lesions, present in 40 of 58 (69%) calves with fibrinosuppurative bronchopneumonia, appeared grossly as a consolidation and reddening of the cranioventral regions of lungs, interlobular edema, and fibrinous pleuritis. Histologic examination revealed accumulation of neutrophils, fewer macrophages, and fibrin in the bronchiolar lumens and alveolar spaces. Hemorrhages, thrombosis of blood vessels, and edema and fibrin in the interlobular septa and pleura were present in some cases.
In 36 of 40 cases of acute fibrinosuppurative bronchopneumonia, there were also 2 lesions that were considered typical of M. haemolytica 57 or H. somni 25, 39 infection: necrosis of leukocytes with streaming of the chromatin (''oat cells'') and foci of coagulation necrosis delineated by a densely basophilic border of necrotic leukocytes. Mannheimia haemolytica, P. multocida, or H. somni (or a combination of these) were isolated from 22 (61%) of these 36 calves as follows: M. haemolytica from 10 of 36 (28%), P. multocida from 4 of 36 (11%), H. somni from 3 of 36 (8%), and a combination of these 3 bacteria in 5 of 36 (14%) cases.
In contrast, 4 of 40 cases did not have leukocyte necrosis or foci of coagulation necrosis, and none of these 3 bacteria were isolated. These lesions of nonspecific suppurative bronchopneumonia usually affected only a small proportion (10%-20%) of the cranioventral lungs, and were not considered to be the cause of death. BVDV was isolated from all 4 of these cases. Bacteria isolated from the lungs included Escherichia coli in 3 of 4, Pseudomonas aeruginosa in 1 of 4, and M. bovis in 1 of 4 cases.
Chronic lesions were present in 18 of 58 (31%) calves with suppurative bronchopneumonia. Gross lesions in these calves included cranioventral consolidation of the lung with multiple abscesses, and variable degrees of pulmonary fibrosis particularly affecting the pleura and interlobular septa. Gross or histologic foci of caseous necrosis typical of M. bovis pneumonia were not identified in these cases. Bacterial isolates from the lungs included M. haemolytica in 3 of 18 (17%), H. somni in 3 of 18 (17%), P. multocida in 1 of 18 (6%), and a combination of these bacteria in 6 of 18 (33%) cases. Of the 5 of 18 (38%) cases from which none of these 3 bacteria were isolated, BVDV and M. bovis infections were identified in 5, Arcanobacterium pyogenes and Streptococcus bovis were identified in 3, and Klebsiella spp. and Staphylococcus spp. in were identified in 1 case.
Caseonecrotic bronchopneumonia consistent with Mycoplasma bovis
Caseonecrotic bronchopneumonia (typical of M. bovis pneumonia) was identified in 54 of 99 calves, and was considered an important contributor to death in 36 of 99 calves. Lesions of caseonecrotic bronchopneumonia consisted of consolidation of the cranioventral regions of lungs, and these areas contained 2-20-mm-diameter, circular, raised, white-yellow foci of dry, friable, caseous material. Histologically, these foci contained many necrotic inflammatory cells that retained their cellular outlines but had intensely eosinophilic cytoplasm and lysis of the nuclei. These foci were delineated by a band of neutrophils and plump macrophages, which in turn, were encircled by a layer of fibroblasts containing many macrophages, lymphocytes, and plasma cells. Mycoplasma bovis was isolated from 53 of 54 affected lungs, and IHC revealed M. bovis antigen in the foci of caseous necrosis in all of the 14 cases tested. Bacterial isolates from these cases included M. haemolytica (19 of 54 cases, 35%), Arcanobacterium pyogenes (14 of 54 cases, 26%), P. multocida (11 of 54 cases, 20%), and H. somni (9 of 54 cases, 17%).
Gross or histologic lesions (or both) of arthritis were identified in 28 cases. In 20 of these, M. bovis was isolated and antibody to M. bovis was identified in the synovial fluid. Antibody to M. bovis was identified in joint fluid of the remaining 8 calves and all 8 of these had bronchopneumonia, suggesting that M. bovis infection may have been the cause of arthritis. The lesions and microbiologic isolates in the cases of caseonecrotic pneumonia and arthritis (consistent with that caused by M. bovis) are described in more detail elsewhere. 15 Concurrent lesions of caseonecrotic bronchopneumonia and fibrinosuppurative bronchopneumonia were identified in 31 of 99 cases, and were considered important contributors to death in 13 of 99 cases.
Viral respiratory diseases
Lesions of viral respiratory disease were identified as an important contributor to death in 19 of 99 calves, and were considered the most important cause of death in 5 of 99 calves. Of these 19 calves, 4 had lesions of uncomplicated viral pneumonia, 10 had concurrent viral and bacterial pneumonia, and 5 had lesions caused by BHV-1. An additional 3 cases that died of bacterial pneumonia did not have lesions of viral respiratory disease, yet they were infected with BRSV (2 cases) or BHV-1 and BCV (1 case).
Five calves with lesions caused by BHV-1 had fibrinonecrotic tracheitis (3 cases), or necrotizing bronchiolitis but no tracheitis (2 cases). BHV-1 was isolated from all 5 cases, and all had concurrent lesions of fibrinosuppurative bronchopneumonia.
Ten calves had lesions of both bronchointerstitial (viral) and bacterial pneumonia, including fibrinosuppurative bronchopneumonia in 5 of 10, caseonecrotic bronchopneumonia in 4 of 10, and both fibrinosuppurative bronchopneumonia and caseonecrotic bronchopneumonia in 1 of 10 cases. The extensive lesions of bacterial bronchopneumonia were considered the final cause of death in these 10 calves. BRSV infection was identified in 3 cases; 1 additional case had concurrent BRSV, PI3V, and BCV infection; and 1 case had necrotizing bronchiolitis with intranuclear inclusion bodies typical of an adenovirus infection, but no virus was isolated.
Four calves died of uncomplicated viral pneumonia. From these calves, BRSV antigen was identified in 3 of 4, PI3V was isolated from 2 of 4, and no virus was identified in 1 of 4 cases. In these calves, the cranioventral regions of lungs were deeply red, rubbery, and atelectatic, and the dorsocaudal regions were firmer than normal and had subpleural and interlobular emphysema. Histologically, calves with viral pneumonia had bronchiolar epithelial lesions in 13 of 14 (93%) cases, characterized by denudation, attenuation, or hyperplasia of bronchiolar epithelium and lymphocytic peribronchiolar cuffing. Syncytial cells were identified in 10 of 14 (71%) calves, in only the bronchioles in 1 of 14 (7%) cases, only the alveoli in 2 of 14 (14%) cases, and in both bronchioles and alveoli in 7 of 14 (50%) cases. An additional 23 cases had multinucleated cells (probably macrophages) affecting only the alveoli, but did not have bronchointerstitial pneumonia and were not considered to represent viral pneumonia. Bronchiolitis obliterans fibrosa was detected in 4 of 14 (29%) cases with lesions of viral pneumonia, and in 26 other cases that had lesions of bacterial but not viral pneumonia. The alveolar septa often contained lym-phocytes and macrophages, and had proliferation of type II pneumocytes in 11 of 14 cases and alveolar hyaline membranes in 4 of 14 cases.
Lesions associated with BVDV infection
Twenty-one calves had lesions of BVD-related disease and BVDV infection as demonstrated by isolation, IHC, or both. An additional 14 calves had histologic lesions of lymphocytic or necrotizing arteritis (or both), which were suggestive of acute BVD, but BVDV infection was not detected. In 14 other calves, BVDV infection was detected by isolation, IHC, or both, but there were no gross or histologic lesions of BVD. Thus, evidence of BVDV infection was present in 49 of 99 cases.
Gross lesions of linear mucosal ulceration of the gastrointestinal tract were present in 7 cases. In 3 of these, BVDV was isolated and IHC revealed a distribution of BVDV antigen in the skin suggestive of persistent infection; these findings supported a diagnosis of mucosal disease. In contrast, cytopathic BVDV virus was isolated from the other 4 cases, suggesting mucosal disease, even though the antigen distribution in skin did not suggest persistent infection.
Another 13 of 21 calves had no gross mucosal lesions, but histologic lesions were compatible with BVD, and BVDV was identified by isolation, IHC, or both. Histologic lesions in calves with either mucosal disease or acute BVD disease included necrosis of intestinal crypt epithelium, atrophy of the villi, and lymphoid depletion and necrosis in Peyer patches, thymus, and mesenteric and mediastinal lymph nodes. Vascular lesions were most frequently identified in the myocardium and lungs, and consisted of fibrinoid, necrotizing. or lymphocytic arteritis (or a combination of these), or proliferative endarteritis with perivascular accumulation of lymphocytes. The myocardium occasionally had multifocal aggregates of lymphocytes, myofiber necrosis, or lymphocytic infiltration of Purkinje fibers.
One calf had BVDV-associated hemorrhagic syndrome, with grossly apparent petechial and ecchymotic hemorrhages affecting multiple organs including abomasum, rumen, myocardium, and subcutaneous tissue. Lymphocytic and necrotizing arteritis and myocarditis were present, and BVDV infection was identified by IHC but not by virus isolation.
Other diseases
Lesions compatible with H. somni infection were identified in 23 of 99 cases, including 14 cases of fibrinosuppurative bronchopneumonia or pleuropneumonia in which H. somni was isolated ( Table 2) , 8 cases of focal necrotizing and suppurative myocarditis, 5 cases of pleuritis or pericarditis (or both), and 1 case of infectious thrombotic meningoencephalitis (ITME). In the 8 cases with myocarditis in which bacterial culture was attempted, H. somni was isolated from the lung of one case with concurrent bronchopneumonia and ITME, but never from the heart. Bacterial isolates in cases of myocarditis included Streptoccocus spp. in 2 of 7, E. coli in 3 of 7, Pseudomonas sp. in 1 of 7, and no bacterial isolates in 3 of 7 cases. Mycoplasma bovis was isolated from the 2 cases of focal necrotizing myocarditis in which mycoplasmal culture was attempted, although the lesions were typical of those previously attributed to H. somni. 24 Fibrinosuppurative otitis was grossly apparent in 7 of 99 calves and all had concurrent pneumonia, including fibrinosuppurative bronchopneumonia in 6 of 7 (86%), caseonecrotic bronchopneumonia in 2 of 7 (26%), and viral pneumonia in 4 of 7 (57%). Isolates from the tympanic bullae of these calves included M. haemolytica in 2 of 7, E. coli in 4 of 7, M. bovis in 3 of 7, and Mycoplasma arginini in 4 of 7 cases.
Miscellaneous causes of death included 2 cases of ruminal bloat, and 1 case each of polioencephalomalacia, encephalitis compatible with Listeria monocytogenes infection, vasculitis, anaphylaxis following vaccination, trauma, and peritonitis secondary to trocharization of the rumen. Incidental findings that were not considered the cause of death included oral and esophageal lesions of bovine papular stomatitis in 18 of 99, myocardial Sarcocystis sp. infection in 16 of 99, skeletal myonecrosis in 3 of 99, and suppurative palatine sinusitis in 1 of 99 cases. Tracheal edema and hemorrhage (honker syndrome) was identified in 1 case with severe acute fibrinosuppurative bronchopneumonia. Other miscellaneous lesions were mycotic pneumonia, mycotic rumenitis and enteritis, mycotic rumenitis and abomasitis, abomasal ulcers, coccidiosis, cerebellar leukoencephalomacia, vascular mineralization, and systemic adenoviral inclusions in 1 case each. Ten calves with extensive lesions of pneumonia had lesions of periacinar hepatic necrosis (probably as a consequence of hypoxemia), and 8 calves with histories of chronic illness had hepatic lipidosis (probably secondary to anorexia). Cilia-associated respiratory bacilli were not identified in any of the 52 silverstained sections of trachea. No cause of death could be determined in 4 of 99 cases.
Prevalence of pathogens
Prevalence of viral pathogens. Laboratory testing identified BVDV in 35, BRSV in 9, BHV-1 in 6, PI3V in 3, and BCV in 2 of the 99 calves ( Table 2 ). Of 6 cases with BHV-1 infection, 3 had necrotizing rhinotracheitis, 2 had necrotizing bronchiolitis, 5 had acute fibrinosuppurative bronchopneumonia, and 3 had caseonecrotic bronchopneumonia. Of 9 cases with BRSV infection, 3 had uncomplicated lesions of viral pneumonia, 3 had lesions of both viral and bacterial pneumonia, and 3 had lesions of bacterial but not viral pneumonia. PI3V was isolated from 3 cases that were also infected with BRSV, and 1 of these also was infected with BCV.
The biotypes and genotypes of 24 BVDV viruses isolated from 23 infected calves are shown in Table 3 . Comparing isolation and IHC to detect BVDV infection, 16 calves were positive with both tests, 12 were positive only by IHC, 7 were positive with virus isolation (VI) only, and 64 calves were negative with both tests. The agreement between the IHC and VI tests was moderate (Cohen kappa coefficient [k] ϭ 0.5). The as- sociation of BVDV infection with various forms of pneumonia in these calves is described elsewhere. 15 BVDV antigen was detected by IHC in both heart and lung tissue in 18 (64%), lung but not heart in 5 (18%), and heart but not lung in 3 (11%) of the 28 cases that were positive by IHC. In 2 cases, BVDV antigen was detected in skin or synovial tissues but not in lung or heart. In the lung, BVDV antigen was present in alveolar macrophages (17 of 23, 74%), interstitial macrophages or stromal cells (16 of 23, 70%), tunica media of blood vessels (16 of 23, 70%), focal areas of necrosis (11 of 23, 48%), and bronchiolar epithelium (5 of 23, 22%). In the heart, BVDV antigen was detected in the tunica media of blood vessels (20 of 21, 95%), interstitial cells (9 of 21, 43%), myocytes (6 of 21, 29%), Purkinje fibers (6 of 21, 29%), and foci of inflammation (1 of 21, 5%). Skin was examined by IHC in 75 cases. Of the 19 cases in which BVDV antigen was detected in at least 1 tissue, 12 (63%) had BVDV antigen in the skin. The distribution of BVDV antigen in the epidermis and adnexa suggested persistent infection in 9 of 75 (12%), yet BVDV was isolated from only 4 of these 9 calves (2 cytopathic and 2 noncytopathic).
Prevalence of bacterial pathogens
Either M. haemolytica, P. multocida, or H. somni (or a combination of these) were isolated from the lungs of 46 of 99 calves ( Table 2 ). Lesions of fibrinosuppurative bronchopneumonia were present in 35 of 46 (76%) of these calves, of which 22 were acute and 13 were chronic. Mannheimia haemolytica was isolated only from lungs with lesions of bronchopneumonia and never from normal lungs. Of 26 cases with lung isolates of M. haemolytica, 25 (96%) died of fibrinosuppurative or caseonecrotic bronchopneumonia (or both) and 1 (4%) died of ITME. Of 19 cases in which P. multocida was isolated from lung, 16 (84%) died of fibrinosuppurative or caseonecrotic bronchopneumonia (or both), and 3 (16%) cases had no lung lesions. Histophilus somni was isolated from lungs of 14 of 99 calves and not from any of the lesions of arthritis or myocarditis. Histophilus somni infection was in association with M. haemolytica or P. multocida (or both) in 8 of 14 (57%) cases. Of 14 cases with isolates of H. somni, 13 (93%) died of fibrino-suppurative or caseonecrotic bronchopneumonia (or both), and 1 (7%) died of ITME. Of 19 cases that had A. pyogenes isolated from lung, 13 (68%) died of fibrinosuppurative or caseonecrotic bronchopneumonia (or both), 2 (11%) of viral pneumonia, and 4 (21%) had no lung lesions. Escherichia coli was isolated from 50% of pneumonic lungs and 62% of normal lungs, and Streptococcus bovis was isolated from 16% of pneumonic lungs and 23% of normal lungs. Miscellaneous isolates included Pseudomonas aeruginosa, Klebsiella sp., Proteus sp., Staphylococcus sp., Streptococcus suis, Morganella morganii, and Pasteurella trehalosi.
The isolation of mycoplasmal pathogens is described in detail elsewhere. 15 
Epidemiological findings
The occurrence of disease and death relative to the time since arrival in the feedlot is illustrated in Fig. 1 . Calves that died of acute fibrinosuppurative broncho- pneumonia or caseonecrotic bronchopneumonia were first treated at similar times after introduction into feedlots (14.6 Ϯ 2.0 versus 15.5 Ϯ 1.5 days, mean Ϯ SEM), but the interval between first treatment and death was longer in calves that died of caseonecrotic bronchopneumonia or arthritis, chronic fibrinosuppurative bronchopneumonia, or H. somni myocarditis than in calves that died of acute fibrinosuppurative bronchopneumonia, viral pneumonia, or BVD-related disease.
Calves in which BVDV infection was detected at necropsy were treated significantly earlier after arrival in the feedlot (median of 11 days) than in calves without BVDV infection (median of 17 days) (P ϭ 0.067, Mann-Whitney test), but the interval between first treatment and death was similar (P ϭ 0.345). Cases of demonstrable BVDV infection (defined as cases in which BVDV infection was identified by IHC or by VI) died significantly (P Ͻ 0.0022, Mann-Whitney test) earlier in the feeding period (median of 21 days) compared with those that had lesions of vasculitis without demonstrable BVDV infection (median of 42 days).
Of the 99 calves, 74 were vaccinated on arrival, and 66 received metaphylactic treatment with antibiotics within 3 days after arrival in the feedlot. The prevalence of vaccination was not significantly different in calves with or without lesions of pneumonia or in calves with or without BVD-related disease (i.e., calves in which BVDV was isolated or identified by IHC, with the presence of compatible lesions). Similarly, metaphylactic treatment was not associated with lower or higher frequency of lesions of pneumonia or BVD-related disease ( Table 4 ).
Discussion
Despite extensive vaccination and metaphylactic use of antibiotics, respiratory disease remains the most important contributor to mortality of beef calves during the first 2 months after their introduction into feedlots. In this study, pneumonia was the most frequent lesion, affecting 86% of calves, and was also the most com-mon cause of death, considered an important contributor to fatal disease in 76% of cases. This prevalence of pneumonia as the cause of mortality was slightly higher than the 54%-66% previously observed in Ontario, [32] [33] [34] 10%-61% in western Canada, 8, 41 and 44%-67% in US feedlots. 10, 26, 27, 31, 53 The most common respiratory disease in this study was fibrinosuppurative bronchopneumonia, identified as an important contributor to death in 49% of cases. This lesion was probably caused by M. haemolytica, H. somni, or P. multocida in most cases, although these bacteria were not always isolated from the lung. Thus, respiratory disease is still the major cause of death in Ontario beef feedlots, despite the fact that 74% of these calves were vaccinated and 61% received metaphylactic treatment with antibiotics. This supports previous findings that metaphylactic treatment, although effective in reducing morbidity, may not affect mortality rates from pneumonia. 52 However, the design of this study was not well suited to analyze the effect of vaccination or metaphylactic administration of antibiotics on morbidity or economic losses.
We identified caseonecrotic lesions consistent with M. bovis pneumonia that were distinct from those of acute or chronic fibrinosuppurative bronchopneumonia. Mortality due to M. bovis resulted not only from fatal pneumonia, but also from euthanasia due to chronic arthritis or pneumonia (or both). Mycoplasma bovis pneumonia or arthritis (or both) were important contributors to death in 36% of cases, second only to that of fibrinosuppurative bronchopneumonia. Lesions of arthritis were identified in 52% of calves with M. bovis pneumonia, comparable to that in a large feedlot from Alberta. 23 The caseonecrotic lesions of M. bovis pneumonia and arthritis identified in these calves were identical to those described with chronic pneumonia and polyarthritis syndrome associated with M. bovis infection 1, 2, 18, 45 and following experimental infection with M. bovis. 17, 30, 42, 44, 50 These results contrast with a previous feedlot study in Ontario in 1978-1982, [32] [33] [34] in which M. bovis pneumonia and arthritis were not recognized as a cause of mortality. This implies that either the distinctive lesion was not recognized in earlier studies, or there has been a change in the pattern of pneumonia in feedlot cattle, with the emergence of M. bovis pneumonia and arthritis as an important cause of death.
Concurrent lesions of viral pneumonia, fibrinosuppurative bronchopneumonia, caseonecrotic bronchopneumonia, or a combination of these were commonly identified, reflecting the synergistic effect of respiratory pathogens in causing pneumonia. 3, 4, 35, 47, 56 Infections with respiratory viruses were more frequently associated with lesions of acute rather than chronic pneumonia.
This study revealed a higher prevalence of fatal BVD-related disease than previously observed in Ontario feedlots, [32] [33] [34] but comparable to that observed in recent studies in western Canadian feedlots. 23, 45 BVDV infection was identified by virus isolation, IHC, or both in 35% of calves. Histologic identification of lymphocytic arteritis 29, 45 in an additional 14% of calves without detectable BVDV infection suggests that these calves may have had transient BVDV infection with clearance of the virus before death. BVDV infection and compatible histologic lesions were present in 13 cases that did not have gross lesions of mucosal ulceration, implying that clinically significant lesions of BVDV infection will be missed if pathologists rely only on gross examination in these cases.
The gross and histologic lesions of BVD-related disease were similar to those described in previous studies. 6, 11, 45, 46 In addition, we identified a few cases with lymphocytic infiltrates surrounding necrotic Purkinje fibers, suggesting that BVDV might occasionally cause death by compromising the conductive system of the heart. A higher prevalence of type 1 (83%) than type 2 (17%) BVDV infection identified in this study is in agreement with that observed by previous studies of feedlot cattle 12, 13 and mixed populations of cattle. 6, 14 However, in contrast to other studies, 6,12-14 we identified a greater prevalence of cytopathic than noncytopathic BVDV. This probably reflects a higher prevalence of mucosal disease in this study population, or perhaps infection with cytopathic vaccine virus in some cases.
There was moderate agreement between virus isolation and IHC for detection of BVDV infection. However, the finding of discordant results in 19% of calves tested indicates that using both tests concurrently is expected to maximize detection of BVDV-infected calves at necropsy. Cases that were positive by IHC and negative by virus isolation may have represented acute/primary infection rather than persistent infection, 29 in which a developing antibody response blocks infectivity of cell cultures. Conversely, the cases that were positive by virus isolation and negative by IHC may reflect a higher sensitivity of the former test or a limited tissue distribution of the virus. However, these explanations were not conclusively addressed in this study.
Although H. somni infection or compatible lesions (or both) were identified in 23 of 99 calves, death was attributed to H. somni infection in only 12 of 99 calves. The prevalence of H. somni-related diseases in this study was lower than that reported by other feedlot studies from Ontario 33 and western Canada. 38 In conclusion, pneumonia was the most frequent cause of mortality in calves during the first 2 months after their introduction to Ontario beef feedlots, ac-counting for 76% of the total deaths. Mycoplasma bovis pneumonia and fibrinosuppurative pneumonia typical of pneumonic pasteurellosis were the most frequent respiratory diseases and causes of mortality. Mycoplasma bovis pneumonia and polyarthritis have emerged as important causes of death losses in feedlots, and cases with combined lesions of M. bovis pneumonia and pneumonic pasteurellosis were commonly encountered.
